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The phospholipid content of tissues has been
the object of considerable investigation. These
substances are universal constituents of living
cells and are found in all the particulate com-
ponents of the cell, e.g. nucleus, cell membrane,
mitoehondria, etc. Their exact function is still a
matter for debate. They have been thought to
play a fundamental role in the semipermeability
of the cell membranes, as well as in the absorp-
tion, transport and metabolism of fatty acids (1).
The status of phospholipids in human skin has
been even less clear. Previous studies have shown
that the epidermis contains more phospholipids
than the dermis (2), while within the epidermis
there is a considerable decrease in the amount of
phospholipids present in the stratum corneum,
compared to the non-eornified epidermis (3, 4).
It has been suggested that phospholipids may be
an important constituent of the barrier layer (5).
Although all phospholipids possess the physical
properties of lipids, being distinguished chemi-
cally by the fact that they contain phosphorus,
they are nevertheless a heterogeneous group,
differing in the nature of the bond between the
lipid fraction and the phosphorus containing one,
and in the identity of the nitrogenous com-
ponents. Comprehensive reviews of the chemical
structure of the various phospholipids have been
published (6, 7).
Identification and assay of individual phospho-
lipids in tissues has been a difficult and tedious
task up till the present, requiring hydrolysis of
the phospholipids and then separate determi-
nation of breakdown products, e.g. choline,
ethanolamine, serine, etc. Consequently, most
studies on skin to date have simply reported the
total quantity of phospholipid phosphorus
present. Recently Dawson (8) has presented a
method of differential hydrolysis with mild alkali
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and acid, with separation and identification of
the breakdown products by means of paper
chromatography.
This method has been applied to the study of
normal human epidermis in order to establish the
amounts and types of the phospholipids present.
Because of frequent suggestions that psoriasis
may be a disorder of lipid metabolism (2, 9)
psoriatic epidermis was studied as well, to de-
termine whether increase of phospholipids oc-
curred, and if so, which ones.
METHOD5 AND MATERIALS
Normal skin, usually abdominal or breast, was
obtained as a by-product of surgical procedures
and was kept in the deep-freeze until use. Psoriatic
skin was obtained by scalpel biopsy from un-
treated patients. The skin was cleansed with
Cetrimide,t B.P., and any scales present were
removed with forceps from the psoriatic plaques,
leaving no grossly visible horny layer. The epi-
dermis was separated from the dermis by the
heat method of Baumberger et at. (10). Minimum
wet weight of epidermis useable for chemical
analysis was 10 milligrams. Two specimens of
skin yielded sufficient epidermis (i.e. over 1
gram) for paper chromatographic analysis, one
from a breast amputated for carcinoma and the
other from a leg amputated for vascular disease.
Preparation of lipid fractions
The specimens were homogenized in CHC1,:
methanol (2:1, v/v) in a glass homogenizer and
then centrifuged. The sediment was washed twice
with the same solvents and the washings were
combined with the original supernatant. This was
shaken with 0.2 volume of 0.88% [CCI and after
centrifugation the upper layer, containing water-
soluble phosphorus, was discarded. The surface
of the lower lipid-containing layer was washed 4
times with CHCI3: methanol: 0.74% KC1 (3:48:47
v/v) to remove traces of water-soluble phos-
phorus.
The phospholipid containing material was
subjected to mild alkaline and then acid hy-
drolysis according to the method of Dawson (8)
and separated into an alkali-labile (A), alkali-
stable, acid-labile (B), and an alkali, and acid-
stable fraction (C). The amount of phosphorus in
each fraction was determined by the method of
Berenblum and Chain (11).
For paper chromatography, the same procedure
t A mixture of dodecyl-, tetradecyl, and hexa-
decyl-trimcthylammonium bromides.
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was carried out for separation of the three frac-
tions on the much larger quantities of epidermis
required.
Aliquots of fractions A and B were applied to
Whatman No. 541 (Double-acid-washed) paper
and descending chromatograms developed with
phenol saturated with water-acetic acid-ethanol
(100:10:12, by vol.). After a run of 9—10 hours,
the paper was dried at room temperature. The
phosphorus-containing spots were located by
the method of Hanes and Isherwood (12). The
color was developed by exposure for 10 minutes
to a strong source of ultraviolet light (8 Westing-
house fluorescent sunlamps).
Each spot was cut out and weighed. The paper
was then digested with 72% perchloric acid and
the phosphorus present estimated by the method
of Bcrcnblum and Chain (11). Weighed paper
blanks were so treated as well and the phosphorus
contents, which were usually low, subtracted from
the values for the spots, on a weight basis.
Paper chromatography of the acid and alkali-
stable fraction (C) was not carried out as Dawson
has shown that this fraction is composed mainly
of sphingomyclin, the other minor components
not being identifiable.
Specimens of beef and sheep muscle were run
together with those of skin in order to compare
the epidermis findings with those found by Daw-
son for muscle on a qualitative basis. Quantitative
determinations were not performed on these.
RESULTS
Little variation in total amount and in the
distribution of the phospholipid phosphorus
(PLP) was found in over ten specimens of normal
epidermis (Table 1). Approximately two-thirds of
the PLP was present in the alkali-labile fraction
(A), while fractions B (alkali-stable, acid-labile)
and C (alkali and acid-stable) contained 14 and
20 per cent respectively.
The corresponding values for psoriatic epi-
dermis showed a statistically significant augmcn-
tation in the amount of phospholipid phosphorus.
Total PLP was 1.5 times greater than in normal
epidermis, and each fraction was correspondingly
elevated. It is interesting, however, that the
distribution of PLP in the three fractions re-
mained approximately equal in both groups.
Paper chromatographic analysis of the alkali-
labile phospholipids (A) revealed the presence of
four phosphorus-containing spots, while that of
the alkali-stable, acid-labile fraction (B) showed
three such spots (Fig. 1). The chromatograms of
the corresponding sheep and beef muscle fractions
showed spots of the same Hf values and similar
intensity to those of human epidermis.
The range of recovery of phospholipid phos-
phorus from the paper chromatograms tended to
be low (52.7% to 63.2%). This is due to the
difficulty of quantitative transfer of hydrolysatc
to the paper (8). The values for the individual
compounds present can best be expressed, there-
fore, as percentages of the PLP recovered (Table
2).
The four spots in the alkali-labile fraction were
identified as derivatives of lecithin (phosphatidyl-
choline), phosphatidylcthanolamine, phospha-
tidylscrinc and monophosphoinositide. Those of
the alkali-stable, acid-labile group came from
choline plasmalogcn, cthanolamine plasmalogcn
and scrine plasmalogcn, respectively (8).
nsscUsslon
The levels of total phospholipids in normal
human epidermis found in the present study can-
not be easily compared with the previous reports
of Kooyman, Rcincrtson and Whcatley, and
Glascnapp (3, 4, 2) owing to varying methods of
presentation of data. However, this work supports
TABLE I
Distribution of epidermal phospholipid phosphorus expressed as p M/gm. wet weight of epidermis. Standard
deviation (S.D.) and number of determinations in parenthesis
Alkali-Labile
Fractinn "A"
Alkali-Stable, Acid-
Labile Fraction "B"
Alkali- and Acid-
Stable Fractian 'c" T i013
Normal epidermis 9.6 (S.D. = 1.4)
(10)
1.9, (S.D. = 0.8)
(12)
3.0, (S.D. = 1.0)
(10)
14.5, (S.D. = 3.1)
(10)
Psoriatic epidermis 14.7 (S.D. = 3.4)
(10)
3.3, (S.D. = 0.5)
(10)
4.4, (SI). = 1.5)
(8)
22.4, (S.D. = 2.1)
(8)
Per cent of total phos-
phorus
I. Normal 65.5% 13.8% 20.7%
II. Psoriatic 65.6% 14.7% 19.7%
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to some extent the early statement of Kooyman
(3) that the amount of phospholipids in the epi-
dermis corresponds to those in the glandular
organs of the body. The levels are of the same
order of magnitude as those found by Rapport
and Lerner (13) for human skeletal muscle,
uterus, stomach and colon. Brain tissue was con-
siderably higher. Similarly, there is a close corre-
lation between the present data and that of
Dawson (8) for sheep skeletal muscle and of
Total
5M/gm Phos-
phorus
%
Fraction "A" alkali-labile phos-
pholipids
Phosphatidylcholine (lecithin) 2.6 31.2
Phosphatidylethanolamine 1.5 18
Phosphatidylserine 1. 1 13.2
Phosphoinositide 0.2 2.8
Fraction "B" alkali-stable, acid-
labile pliospholipids
Choline plasmalogen 0.2 2.4
Ethanolamine plasmalogen 0.9 10.0
Serine plasmalogen 0.1 1.4
Fraction "C" alkali- and acid-
stable phospholipids (not
hydrolyzed)
Sphingomyelin and unidenti- 20.7
fled
Schmidt et al. (14) for skeletal muscle of rats and
dogs. All these authors report a two to four-fold
increase in such organs of these animals as the
spleen, liver and kidney. Thus it would seem to
be more correct to compare the amount of
phospholipids in the epidermis to that found in
skeletal muscle.
The results of fractionation of the epidermal
phospholipids can be compared to the few studies
where this has been done with the phospholipids
of various animal tissues, Dawson, Schmidt,
Rapport and Lerner (8, 13, 14); whole rabbit
skin, Schwarz (15); and on a single specimen of
human epidermis, Blomstrand (16) in which the
same method of separation was employed.
The alkali-labile phospholipids consisting of
lecithin, phosphatidylethanolamine and phospha-
tidylserine (cephalin), together with phospho-
inositide, make up from two-thirds to three-
quarters of the total. The acid-labile plasmalogens
(those compounds containing an aldehydogenic
group and a fatty acid group instead of two
fatty acid groups) and the alkali- and acid-stable
sphingophospholipids comprise the remainder.
What is the meaning of the increase in phospho-
lipids found in psoriatic epidermis? Glasenapp
TABLE II
Distribution of Individual Phospholipids in Normal
Epidermis Determined by Paper Chromatographic
Analysis. Amounts recovered expressed as
iiM/gm. wet weight of epidermis, and as per cent
of total lipid phosphorus present in epidermis
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FIG. 1. Unidimensional paper chromatogram of
phospholipid hydrolysate, indicating the shape
and position of the phosphorus-containing spots.
The identity of the spots, with the phospholipid
precursor in parenthesis, is: (1) glycerylphos-
phoryicholine (lecithin); (2) glyceryiphosphoryl-
ethanolamine (phosphatidylethanolamine); (3)
glycerylphosphorylserine (phosphatidylserine);
and (4) glycerylphosphorylinositol, phosphoryli-
nositol (phosphoinositide). Spots 5, 6, and 7 are
presumably identical with spots 1, 2, and 3, their
parent products being choline, ethanolamine, and
serine plasmalogen respectively.
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and Leonhardi (2) reported a slight increase in
total phospholipid content of psoriatic epidermis
but felt that the difference was not significant.
The present values are statistically significant.
Braun-Falco (17) observed that the histochemical
reaction for plasmalogen (plasmal reaction) in
psoriasis was not altered in the epidermal cells
per se, although the Munro abscesses were posi-
tive. There was no abnormality of serum lipid or
phospholipid levels.
If there was a specific abnormality of phospho-
lipid metabolism present in psoriatic epidermis,
one might reasonably anticipate finding a specific
alteration in the phospholipid pattern in the
epidermis, analogous to what occurs in some of
the lipid-storage diseases. However, on examining
the composition of the phospholipids into the
three fractions, the virtual identity of percentage
distribution with that of normal epidermis is
immediately apparent. This would seem to indi-
cate that there was a nonspecific increase in the
phospholipids of psoriatic epidermis. According
to Tickner (18), by expressing the content of the
various components of skin relative to the
desoxyribonucleic acid (DNA) content "one over-
comes differences merely due to different numbers
of presumably viable cells." Mier and McCabe
(19) in Tickner's laboratory have shown an over
two-fold increase in DNA-phosphorus in psoriatic
skin as compared to normal skin. Although the
values for whole skin are not directly comparable
to those of epidermis alone, if one uses these
values as an indication the increase in phospho-
lipids in psoriatic epidermis would disappear when
related to the DNA content. The increased cellu-
larity and acanthosis of the psoriatic lesion would
be enough to explain the rise in phospholipid
content.
Indirect evidence to support this premise comes
from the observation of Taylor, Paul and Paul
(20) who found doubling of phospholipid content
of rat skin in the repair phase (6 to 12 days after
injury) of wound healing. This was back to
normal 131 days after injury. The increased cel-
lularity of repair tissue presumably explains the
increase in phospholipid content.
SUMMARY
The nature and amount of phospholipids
present in normal and psoriatic epidermis was
determined. An apparent increase was found in
psoriasis. The several factors probably responsible
for this increase and its lack of specificity, are
discussed.
Paper chromatographic separation and identifi-
cation of the individual phospholipids in normal
epidermis was performed.
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